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��� )LHOGV DIWHU D VLQJOH SODQH

&DUURQ JLYHV WKH pHOGV RI D FKDUJH H[LWLQJ SHUSHQGLFXODUO\ IURP DQ LGHDO FRQGXFW�
LQJ SODQH� 7KHVH pHOGV DUH LGHQWLFDO WR WKRVH IURP WKH LQVWDQWDQHRXV FUHDWLRQ RI
D SDLU RI HTXDO DQG RSSRVLWH FKDUJHV WKDW WKHQ PRYH DW WKH VDPH YHORFLW\� EXW
LQ RSSRVLWH GLUHFWLRQV� 7KH DQWL�V\PPHWU\ RI WKH UHVXOWLQJ pHOGV DVVXUH WKDW LQ
WKH SODQH RI V\PPHWU\ WKHUH DUH QR UDGLDO pHOGV� DQG WKXV WKDW WKH pHOGV VDWLVI\
WKH ERXQGU\ FRQGLWLRQV RI D SHUIHFW FRQGXFWLQJ VKHHW LQ WKDW SODQH�
7KHVH pHOGV� DV JLYHQ E\ &DUURQ LQ F\OLQGULFDO FRRUGLQDWHV ]� U� EXW ZULWWHQ

LQ 0.6 XQLWV DQG ZLWK WKH VXEVWLWXWLRQ RI 5 � �b  q� 6 � �b �WKH 5
V DUH WKH
GLVWDQFHV WR WKH FKDUJHV LQ WKHLU FHQWHUV RI PDVV V\VWHP DQG WKXV JDYH PRUH
SK\VLFDO PHDQLQJ WKDQ WKH 6
V� DUH JLYHQ EHORZ� XVLQJ WKH GHpQLWLRQV�
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,Q HDFK HTXDWLRQ� WKH pUVW WHUP LV IURP WKH &RXORPE pHOGV RI WKH PRYLQJ

FKDUJH� DQG WKH VHFRQG WHUP LV WKH UDGLDWLRQ HPDQDWLQJ IURP WKH SRLQW ZKHUH
WKH FKDUJH ZHUH FUHDWHG �RU H[LWHG WKH SODQH� :LWKLQ WKH &RXORPE WHUP� WKH
pUVW VXEWHUP LV IURP WKH FKDUJH LWV VHOI� DQG WKH VHFRQG IURP LWV LPDJH RQ WKH
RWKHU VLGH RI WKH SODQH�
7KHVH DUH DOVR WKH pHOGV WKDW DUH SUHVHQW ZLWK WZR SODQHV� LI WKH WLPH W � J F�

ZKHUH J LV WKH GLVWDQFH EHWZHHQ WKH SODQHV� L�H� LI LW LV HDUO\ HQRXJK WKDW WKH
UDGLDWLRQ KDV QRW \HW UHDFKHG WKH VHFRQG SODQH�
7KH IROORZLQJ pUVW pJXUH VKRZV WKH UDGLDWLRQ IURQW� DQG HOHFWULF pHOG OLQHV

DQG IURP WKH LQGLYLGXDO FKDUJHV� WKH RQH LQ WKH JDS� DQG WKH LPDJH FKDUJH OHIW

�



RI WKH SODQH� 7KH WRWDO HOHFWULF pHOG LV WKH VXP RI WKHVH WZR FRQWULEXWLRQV� DQG
LV VKRZQ LQ WKH VHFRQG pJXUH� ,Q WKLV H[DPSOH pY  ����� DQG WKH ZLGWK RI WKH
UDGLDWLRQ IURQW KDV EHHQ DUWLpFLDOO\ EURDGHQHG WR VKRZ WKH pHOGV ZLWKLQ LW�
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��� )LHOGV ZLWK WZR SODQHV

:KHQ D VHFRQG SODQH LV LQWURGXFHG DIWHU D JDS J� WKHUH DUH VHYHUDO FRPSOLFDWLRQV�

s 7KHUH LV D VHFRQG UDGLDWLRQ WHUP IURP WKH GLVDSHDUDQFH RI WKH FKDUJH DV
LW HQWHUV WKH VHFRQG SODQH DW WKH WLPH W  J �pF�� ,W KDV WKH RSSRVLWH VLJQ
WR WKDW IURP WKH FUHDWLRQ� EXW LV RWKHUZLVH LGHQWLFDO�

s 7KHUH LV DQRWKHU X�� LQ WKH &RXORPE WHUPV FDXVHG E\ WKH DEVHQFH RI WKH
VRXUFH FKDUJH DIWHU LW OHDYHV DW WLPH W  J �pF�� /LNH WKH pUVW X��� LW PRYHV
RXW IURP WKH SRLQW RI GLVDSHDUDQFH DW D YHORFLW\ F�

s 7R VLPXOWDQHRXVO\ VDWLVI\ WKH ERXQGU\ FRQGLWLRQV DW WKH WZR SODQHV� ZH
PXVW LQWURGXFH DQ LQpQLWH VHULHV RI LPDJHV FKDUJHV� 7KHVH FKDUJHV DUH
FUHDWHG DW DQ LQpQLWH QXPEHU RI SRLQWV VSDFHG E\ �J� WUDYHO LQ RSSRVLWH
GLUHFWLRQV� DQG VLPXOWDQHRXGO\ DQLKLODWH DW DQ LQpQLWH QXPEHU RI SRLQWV
VSDFHG E\ �J� EXW LQWHUOHDYHG EHWZHHQ WKH SRLQWV RI FUHDWLRQ� 7KH UHVXOWLQJ
VHULHV RI FKDUJHV KDYH H[DFW DQWLV\PPHWU\ DERXW WKH FUHDWLRQ DQG DQLKLOD�
WLRQ SRLQWV� DQG WKXV VDWLVI\ WKH ERXQGU\ FRQGLWLRQV IRU SHUIHFW FRQGXFWLQJ
SODQHV DW DOO VXFK SODQHV�

� JHQHUDWHG E\ WKH RULJLQDO pHOGV EHLQJ UHqHFWHG EDFN DQG IRUWK EHWZHHQ
WKH SODQHV�
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7KH GLPHQVLRQOHVV WHUPV �]��U�% LQ WKH H[SUHVVLRQV IRU pHOGV EHWZHHQ WKH

SODQHV DUH�
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��� :DNH )LHOGV

7KH ZDNH pHOGV DUH WKH DYHUDJH RI WKHVH pHOGV� IRU D SRLQW DW UDGLXV U DQG p[HG
] GLVWDQFH V EHKLQG WKH PRYLQJ FKDUJH�
7KH QH[W pJXUH VKRZV WKH UHODWLYH YDOXHV RI WKH WUDQVYHUVH IRUFHV DV D IXQFWLRQ

RI WLPH� DV D SDUWLFOH HQWHUV DQG OHDYHV WKH JDS� 7KH SDUWLFOH FKRVHQ LV LQ WKH
FHQWHU RI WKH EXQFK LQ WKH ORQJLWXGLQDO GLUHFWLRQ DQG KDV D UDGLDO GLVSODFHPHQW
HTXDO WR D W\SLFDO EHDP VLJPD�J RI ���� 7KH UHG VSLNHV DUH WKH FRQWULEXWLRQV
IURP WKH UDGLDWLRQ WHUPV� 7KH VHFRQG pJXUH VKRZV WKH LQWHJUDO RI WKHVH pHOGV�
ZKRVH YDOXH� ZKHQ GLYLGHG E\ WKH JDS� JLYHV WKH WUDQVYHUVH ZDNH VHHQ E\ WKLV
SDUWLFOH� 7KH VDPH TXDQWLWLHV IRU WKH YDFXXP FDVH� ZKHUH WKHUH DUH QR IRLOV RU
ZDOOV� LV DOVR JLYHQ�
,W LV VHHQ WKDW WKHUH LV D GHOD\ EHIRUH DQ\ pHOGV DUULYH DW WKH WHVW FKDUJH�

7KH SDUWLFOH WKHQ VHHV WKH UDGLDWLRQ pHOG� IROORZHG E\ FRXORPE pHOGV VLPLODU WR
WKRVH LQ YDFXXP� 7KH\ DUH UHODWLYHO\ VPDOO EHFDXVH WKH HOHFWULF DQG PDJQHWLF
pHOGV DOPRVW FDQFHO� 1HDU WKH HQG WKH SDUWLFOH HQFRXQWHUV WKH UHqHFWHG UDGLDWLRQ
IROORZHG E\ WKH UHqHFWHG &RXORPE pHOGV� 7KHVH DUH ODUJHU EHFDXVH WKH PDJQHWLF
DQG HOHFWULF HoHFWV QRZ DGG� DQG WKH\ DUH RI WKH RSSRVLWH VLJQ WR WKH QRUPDO
pHOGV� ,W LV WKH SUHVHQFH RI WKHVH UHqHFWHG pHOGV� FRPELQHG ZLWK WKH LQLWLDO
DEVHQFH RI DQ\ pOHGV� WKDW UHGXFHV WKH pQDO ZDNH�
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$JDLQ ZH GHpQH WKHVH ZDNH pHOGV LQ WHUPV RI GLPHQVLRQOHVV WHUPV�
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$QG WKH GLPHQVLRQOHVV WHUPV LQ WKH DERYH DUH REWDLQHG E\ LQWHJUDWLRQ RI
WKH IRUFHV RQ D WHVW FKDUJH DU D UDGLXV 5R DQG SRVLWLRQ D GLVWDQFH V EHKLQG WKH
VRXUFH FKDUJH�
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7KH LQWHJUDWLRQV LQFOXGH LQWHJUDWLRQ RYHU WKH r IXQFWLRQV� ZKLFK GHSHQG RQ
WKH UHODWLYH DEVROXWH YHORFLW\ EHWHHQ WKH LQWHJUDWLRQ YDULDEOH G] DQG WKH DGYDQF�
LQJ ZDYH IURQW� 1XPHULFDOO\ ZH FDQ DYRLG WKLV FRPSOLFDWLRQ E\ UHSDFLQJ WKH r
IXQFWLRQV E\ X IXQFWLRQV RYHU D VXrFLHQWO\ VPDOO LQWHUYDO s�
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7KH ZDNH pHOGV DUH REWDLQHG E\ IRUPLQJ D JULG RI SRLQWV LQ U� ] WKDW PRYHV
ZLWK WKH FKDUJHG SDUWLFOH� $W HDFK WLPH VWHS� WKH IRUFH RQ D WHVW FKDUJH DW WKDW
JULG SRLQW LV VXPPHG� DQG DQ DYHUDJH IRUFH REWDLQHG�

��� *DXVVLDQ 'LVWU LEXWLRQV

7KHVH IXQFWLRQV DUH IRU SRLQW FKDUJHV DQG KDYH LQpQLWLHV DW 5  � DQG 6  ��
,QGHHG WKH VHOI UHWDUGLQJ ZDNH RQ WKH FKDUJH LV LWVHOI LQpQLWH DQG WKH FKDUJH
FRXOG QRW OHDYH WKH LGHDO� LQpQLWHO\ FRQGXFWLQJ� XQLIRUP� FRQGXFWRU� 7KHVH DUH
QRW SK\VLFDO pHOGV� 2U FRXUVH D VLQJOH SRLQW FKDUJH FDQ SDVV WKURXJK D PHWDO
SODQH� 7KH pQLWH FRQGXFWLYLW\ DQG QRQ�XQLIRUPLW\ RI WKH FRQGXFWRU PXVW EH
WDNHQ LQWR DFFRXQW LQ WKLV FDVH�
+RZHYHU� IRU *DXVVLDQ GLVWULEXWLRQV RI FKDUJH LQ U DQG ] WKH pHOGV DUH

QRZKHUH LQpQLWH DQG FDQ EH WDNHQ DV SK\VLFDO� 7KH PRGLpFDWLRQV GXH WR p�
QLWH FRQGXFWLYLW\ DQG QRQ�XQLpRUPLW\ RI WKH FRQGXFWRUV DUH QRZ VPDOO DQG FDQ
EH QHJOHFWHG�
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7KH IROORZLQJ SORWV DUH IRU WKH VDPH SDUDPHWHUV DV DERYH� EXW FDOFXOWHG IRU
WKH YDFXXP FDVH� L�H� QR ZDOOV RI DQ\ NLQG� ,W ZLOO EH QRWHG WKDW WKH WUDQVYHUVH
ZDNHV LQ YDFXXP DUH DERXW WZLFH WKRVH ZLWK WKH IRLOV�
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